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Abstract

The optimum management approach for patients with relapsed or refractory follicular lymphoma remains uncertain.
Autologous stem cell transplantation (autoSCT) is considered a standard option in suitable, younger patients with relapsed
follicular lymphoma. AutoSCT is associated with very durable remissions in a minority of subjects, but also with significant,
well-established toxicities. Although positron emission tomography (PET) status prior to autoSCT is an established
prognostic factor in diffuse large B-cell lymphoma and Hodgkin lymphoma, no data exist in follicular lymphoma. We
describe survival outcomes according to pre-transplant PET status, classified by the Lugano criteria into complete
metabolic remission (CMR) versus non-CMR, in 172 patients with relapsed or refractory follicular lymphoma within a
national, multicenter, retrospective British Society of Blood and Marrow Transplantation and Cellular Therapy registry study.
The median number of lines of therapy prior to SCT was three (range, 1-6). The median follow-up after SCT was 27 months
(range, 3-70). The median progression-free survival for all patients after autoSCT was 28 months (interquartile range, 23-
36). There was no interaction between age at transplantation, sex, number of months since last relapse, Karnofsky
performance status or comorbidity index and achieving CMR prior to autoSCT. Superior progression-free survival was
observed in 115 (67%) patients obtaining CMR versus 57 (33%) non-CMR patients (3-year progression-free survival 50% vs.
22%, P=0.011) and by pre-SCT Deauville score (continuous variable 1-5, hazard ratio [HR]=1.32, P=0.049). PET status was
independently associated with progression-free status (non-CMR HR=2.02, P=0.003), overall survival (hon-CMR HR=3.08,
P=0.010) and risk of relapse (non-CMR HR=1.64, P=0.046) after autoSCT by multivariable analysis. Our data suggest that pre-
SCT PET status is of clear prognostic value and may help to improve the selection of patients for autoSCT.

young, fit patients (usually <70 years old) for a number of
decades, although uptake of this approach is somewhat
variable across the globe,' and is most often now reserved

Introduction

Follicular lymphoma (FL) is the most common indolent B-

cell non-Hodgkin lymphoma with a relapsing and remitting
natural history that typically spans many years. High-dose
chemotherapy and autologous stem cell transplantation
(autoSCT) has been considered a treatment option for

for those with relapsed or refractory (R/R) FL.?2 Recent evi-
dence has helped to further determine the efficacy of this
approach, particularly in high-risk patients, defined by the
duration of the first remission being <24 months, i.e., pro-
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gression of disease within 24 months (POD24).>* Published
series document that a significant minority (30-40%) of
patients benefit from very durable remissions after
autoSCT, suggesting that some patients may be cured by
this approach.>® Conversely, approximately one third of
patients relapse within 2 years of this intensive, poten-
tially toxic treatment and therefore derive limited benefit.
Toxicities include protracted fatigue, risk of infections and
potentially secondary malignancies including secondary
myelodysplastic syndrome and acute myeloid leukemia.*
% 1n current routine clinical practice, clinicians are unable
to accurately predict which patients may benefit most
from autoSCT. The results of some historical studies are
now challenging to interpret for several reasons. Some
studies were performed in the pre-rituximab era,”® some
included conditioning regimens now considered obsolete
in FL (e.g., total body irradiation)®® and others included a
significant minority of patients receiving high-dose ther-
apy as first-line therapy consolidation. In general, pub-
lished series report outcomes outlining standard clinical
parameters, and there are few data with biological or
functional imaging assessment of disease status prior to
autoSCT in these published cohorts.

To date, there are no prospective data to guide thera-
peutic decision-making for patients with R/R FL in terms
of discriminating which patients might benefit most from
autoSCT. It is important that the benefits and curative po-
tential of this potentially toxic therapeutic intervention are
better understood in this setting.

Pooled analyses demonstrate the prognostic value of both
baseline positron emission tomography (PET)-computed
tomography (CT) and PET-based response assessment in
FL. Total metabolic tumor volume™ prior to front-line
treatment was predictive of progression-free survival
(PFS) in a large, pooled, prospective cohort of patients
from the PRIMA, PET-Folliculaire and FOLLOS5 trials. Meta-
bolic response after induction immunochemotherapy,
graded according to a five-point scale (Deauville crite-
ria),*"* also correlated strongly with PFS in a sub-analysis
of separate large randomized clinical trials including
PRIMA® GALLIUM™ and pooled data from three separate
trials (PRIMA, PET-Folliculaire, and FOLLO05)."”

Compelling evidence from R/R Hodgkin lymphoma'™ and
R/R diffuse large B-cell lymphoma'?* has shown response
according to PET or other functional imaging status is a
strong prognostic factor prior to autoSCT. For example,
patients in the ORCHARRD trial*’ were scanned before
autoSCT following three cycles of salvage immunochemo-
therapy: the PET-negative cohort had a superior PFS and
overall survival (OS), with a 2-year PFS of 70% and 2-year
OS of 78%, compared to the PET-positive cohort with a 2-
year PFS of 32% and a 2-year OS of 43% (P=0.001 and
P=0.0018, respectively).

Given the lack of evidence base for PET-CT-related prog-
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nostication in the pre-SCT setting in FL, but the clear
prognostic value of PET-CT following front-line FL treat-
ment, and compelling data from other lymphoma histo-
logies, the clinical studies working group for the British
Society of Blood and Marrow Transplantation and Cellular
Therapy (BSBMTCT) conducted a retrospective registry
analysis to study the outcomes of patients with R/R FL
treated with autoSCT who had a preceding PET-CT re-
sponse assessment. To our knowledge, this is the first
series of patients with FL for whom outcomes following
autoSCT according to PET-CT response pre-autoSCT is
described. We therefore aimed to: (i) analyze outcomes of
patients receiving an autoSCT for R/R FL in the modern
era in the UK; (ii) analyze the outcomes according to the
depth of PET-CT response prior to autoSCT; and (iii) ana-
lyze the therapeutic effect of autoSCT in deepening PET-
based response.

Methods

We conducted a national, multicenter, retrospective
BSBMTCT registry study to describe the characteristics
and outcomes of patients 218 years of age with R/R FL
who received an autoSCT at some point (first-line con-
solidation treatment or later lines) during their treatment
pathway between 01/01/2015 and 31/12/2019. The study
was reviewed and approved by the central institutional
review board of the Clinical Studies Working Party of
BSBMTCT prior to commencing (study reference: CTCR-
1901). Relevant BSBMTCT-registered transplant centers
(n=41) which were identified as having treated a FL patient
with an autoSCT during the timeframe were contacted to
obtain additional information regarding PET-CT responses.
AutoSCT was defined according to the published Euro-
pean Blood and Marrow Transplantation Group
(EBMT)/BSBMTCT criteria (https:/www.ebmt.org/sites/de-
fault/files/2018-03/MED-AB%20Forms%20Manual.pdf).
Status (complete metabolic response [CMR] and partial
metabolic response at autoSCT) was defined according to
the Lugano classification. The occurrence of new sites of
disease following a complete response (CR)/CMR lasting
for 23 months was defined as a relapse, whereas it was
considered progressive disease when CR/CMR had not
been achieved. Post-transplant monitoring of patients for
relapse/progressive disease was conducted according to
the protocols of the local centers. OS was calculated by
Kaplan-Meier analysis as the time from autoSCT to death
from any cause. PFS was calculated by Kaplan-Meier
analysis®? as the time from autoSCT until FL relapse/pro-
gression or death from any cause. Non-relapse mortality
was calculated by competing risks, including all causes of
death occurring after autoSCT other than relapse, with re-
lapse as the competing risk. Relapse rate was calculated
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by competing risks as the time to relapse after autoSCT,
with death without relapse as the competing risk. All four
outcomes were censored at the date of last follow-up.
Univariable and multivariable Cox regression analyses
were used to examine the associations between baseline
factors, PET status before autoSCT and PFS and 0S.2® The
proportional hazard assumption was tested by Schoenfeld
residuals for all models. Fine-Grey competing risk analysis
was used for equivalent associations with relapse risk and
non-relapse mortality. Multivariable analyses were per-
formed by backward selection from candidate factors with
P<0.2 in univariate analysis and of clinical relevance. The
Deauville score was excluded from multivariable analysis
because it was structurally correlated with PET status and
because data were incomplete. Likewise, status at trans-
plant was structurally correlated with PET status. Logistic
regression (for continuous variables), Wilcoxon rank sum
(for ordered categorical variables) or Fisher exact (for bi-
nary variables) tests were used to compare PET remission
status between different baseline groups. Statistical ana-
lyses were performed in Stata 17.0 (StataCorp, College
Station, TX, USA). P values <0.05 were regarding as statis-
tically significant.

The primary endpoint of the study was PFS and was strat-
ified according to PET-based response prior to autoSCT.
Key secondary endpoints included OS, non-relapse mor-
tality, cumulative incidence of relapse, engraftment and
change in the depth of PET status after autoSCT. Patients’
characteristics collected included age, gender, comorbid-
ity index, Karnofsky performance status at autoSCT, prior
anti-CD20 monoclonal antibody exposure, duration of first
remission (including POD24 status), prior lines of therapy,
and salvage regimen(s) used before autoSCT. FL char-
acteristics collected included components of the FL In-
ternational Prognostic Index (FLIPI) at relapse (age, stage,
raised serum lactate dehydrogenase, hemoglobin, number
of nodal areas involved), and prior high-grade transforma-
tion (whether present at initial diagnosis or relapse). PET-
CT remission or not (mandatory) and ordinal Deauville
score (on a scale from 1 to 5) if reported (not mandatory
but recommended) were documented before and after
(approximately day 100) autoSCT. All scans were acquired
after publication of the Lugano classification which rec-
ommended the use of the Deauville score to assess CMR
(scores 1-3) versus non-CMR (scores 4 and 5) and was
widely adopted in the UK. CT-based responses were re-
ported as per the CT-based assessment of the Lugano
classification. The timing of scans during re-induction
treatment was not standardized and was determined by
the local investigators. Scans were not re-reviewed for
this analysis. The autoSCT conditioning regimen and
source of hematopoietic stem cells were also collected.
Follow-up was censored at the most recent hospital visit
or death. Patients without an assessment of PET status at
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time of transplant and those with biopsy-proven high-
grade transformation (include grade 3B FL) at the relapse
that immediately preceded the autoSCT were excluded
from the analysis. During the dates the study recruited, in
the UK there was no commissioning for any routine con-
solidation therapy in patients undergoing autoSCT for FL
and accordingly consolidation therapy was not adminis-
tered. The database was locked in March 2021 for analy-
sis.

Results

A total of 381 cases of FL treated with autoSCT were
identified within the BSBMTCT registry across 41 centers.
Thirty centers responded reporting a total of 172 cases
with available data for the final analysis. One-hundred and
twenty-seven cases were excluded due to lack of PET data
or due to transformed disease at the time of the preceding
relapse before autoSCT (Consort Online Supplementary
Figure ST7). Patients excluded due to lack of PET data were
similar to those included, but overall were less heavily
pre-treated and had lower FLIPI scores (see Online Sup-
plementary Table S1 for further details).

The median age of the total cohort was 51 years (range,
17-69) at FL diagnosis and the median age at the time of
autoSCT was 55 years (range, 22-74). The median time
from FL diagnosis to autoSCT was 4 years and 2 months
(range, 3 months to 26 years). Fifty-six percent (97/172)
of patients were male. Most patients underwent con-
ditioning with BEAM (carmustine, etoposide, cytarabine
and melphalan) (48%) or LEAM (lomustine, etoposide, cy-
tarabine and melphalan) (34%). The median number of
prior lines of treatment for all patients before autoSCT
was three (range, 1-6), and only 2% of patients underwent
SCT after first-line therapy. Prior histological transforma-
tion was documented in 22 (13%) patients. The median
Karnofsky performance status at autoSCT was 90 (range,
70-100). Sixty-three percent of patients had a Hemato-
poietic Cell Transplantation Comorbidity Index (HCT-CI) of
0, the median HCT-CI was 0O (range, 0-6). Patient- and
treatment-related details according to PET status at
autoSCT are summarized in Table 1.

PET status at the time of transplant was reported as non-
CMR in 57 patients (33%) and CMR in 115 (67%). The ordinal
Deauville score was reported for 82 patients (47%) and
was missing for 90 patients (53%). Among the 82 cases in
which the Deauville score was provided, it was 1-3 in 57
patients (69.5%), 4 in 23 patients (28%), and 5 in two pa-
tients (2%). Seventy-five patients had a PET status re-
corded at follow-up. Of 33/75 patients who were classified
as non-CMR before autoSCT and had a post-autoSCT
status recorded, 21 (64%) obtained a CMR after the
autoSCT. Of the 103 patients in CMR for whom the most
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Table 1. Patient and disease characteristics according to positron emission tomography status at transplant.

CMR at SCT Non-CMR at SCT All patients P value
N=115 N=57 N=172 Non-CMR vs. CMR?
Age at diagnosis, years Median (range) 54 (30-69) 51 (17-69) 53 (17-69) 0.15872
Age at transplant, years Median (range) 60 (35-73) 55 (22-74) 58 (22-74) 0.1224a
> 60 years, N (%) 59 (51%) 21 (37%) 80 (47%) 0.077¢°
Time from diagnosis to SCT Median (range) 4y 2m (4m-26y) 3y 9m (4m-21y) 4y 2m (4m-26y) 0.50032
Sex Male, N (%) 62 (54) 35 (61) 97 (56) 0.415°b
Number of lines of 1, N (%) 2 (2) 1(2) 3(2) 0.089¢
prior treatment 2, N (%) 48 (42) 15 (27) 63 (37)
3, N (%) 40 (35) 17 (30) 7 (33)
4+, N (%) 25 (22) 23 (41) 48 (28)
Median (range) (1-6) 3 (1-6) 3 (1-6)
Prior rituximab Yes, N (%) 5 (74) 48 (84) 133 (77) 0.175°
Prior obinutuzumab Yes, N (%) 3 (11) 7 (12) 20 (12) 1.000P
POD24 Yes, N (%) 24 (48) 9 (39) 33 (45) 0.614°
Unknown, N 65 34 99
Karnofsky status at SCT 100, N (%) 30 (27) 15 (28) 45 (27) 0.468¢
90, N (%) 65 (59) 36 (67) 101 (62)
80, N (%) 15 (14) 2 (4) 17 (10)
70, N (%) 0 (0) 1(2) 1(1)
Unknown, N 5 3 8
Comorbidities: HCT-CI 0, N (%) 77 (67) 31 (54) 108 (63)
1, N (%) 21 (18) 11 (19) 32 (19)
2, N (%) 6 (5) 5(9) 11 (6) 0.072¢
3+, N (%) 11 (10) 10 (19) 21 (12)
Median (range) 0 (0-6) 0 (0-6) 0 (0-6)
Conditioning® BEAM, N (%) 52 (46) 30 (53) 82 (48) 0.246°
LEAM, N (%) 44 (39) 14 (25) 58 (34) 0.418°
Others, N (%) 18 (17) 12 (23) 31 (18) (BEAM vs. others)
HGT before SCT 17 (15) 5(9) 22 (13) 0.337°
Histological grading 1, N (%) 24 (28) 11 (24) 35 (27) 0.030°
2, N (%) 30 (35) 26 (58) 56 (43) 0.279¢
3, N (%) 31 (36) 8 (18) 39 (30)
Unknown, N 30 12 42
Time since last relapse, me Median (range) 8 (1-54) 7 (1-24) 8 (1-54) 0.4592
Ann Arbor stage I-1, N (%) 14 (21) 4 (11) 18 (17) 0.604¢
-1V, N (%) 54 (79) 34 (89) 88 (83)
Unknown, N 47 19 70
Number of nodal sites 0-4, N (%) 43 (74) 23 (68) 66 (72) 0.632°
Unknown, N 57 23 80
LDH >ULN, N (%) 12 (27) 7 (26) 19 (26) 1.000°
Unknown, N 70 30 100
Hemoglobin, g/L Median (range) 125.5 (80-163) 130 (51-162) 127 (51-163) 0.7972
Unknown, N 63 24
Deauville score 1, N (%) 17 (30) 0 7 (21)
2, N (%) 4 (42) 0 4 (29)
3, N (%) 6 (28) 0 6 (20) N/A
4, N (%) 0 23 (92) 3 (28)
5, N (%) 0 2 (8) 2 (2)
Unknown 58 32 90
Status at transplant CR, N (%) 99 (86) 6 (11) 105 (62) 0.0005"
PR, N (%) 15 (13) 47 (87) 62 (37)
SD /relapse / PD, N (%) 1(1) 1(2) 2 (1)
FLIPI category Low, N (%) 63 (55) 23 (40) 86 (50) 0.085¢
Low-intermediate, N (%) 28 (24) 19 (33) 47 (27)
High intermediate, N (%) 22 (18) 11 (19) 33 (19)
High, N (%) 2 (2) 4 (7) 6 (3)

3Wilcoxon rank-sum test. PFisher exact test. °Logistic regression. “Conditioning unknown in one patient. °Does not apply to patients in first
complete remission or with refractory disease. CMR: complete metabolic remission; SCT: stem cell transplantation; m: months; y: years;
POD24: progression of disease within 24 months; HCT-CI: Hematopoietic Cell Transplantation Comorbidity Index; BEAM: carmustine,
etoposide, cytarabine, melphalan; LEAM: lomustine, etoposide, cytarabine, melphalan; HGT: high-grade transformation; LDH: lactate
dehydrogenase; ULN: upper limit of normal; na: not available; CR: complete response; PR: partial response; SD: stable disease; PD:
progressive disease; FLIPI: Follicular Lymphoma International Prognostic Index.
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recent prior regimen was known, 92% (n=95) received ri-
tuximab, most commonly alongside cyclophosphamide,
doxorubicin, vincristine, and prednisone (R-CHOP, n=46) or
bendamustine (R-bendamustine, n=20). These were also
the most common prior regimens in patients not obtaining
CMR before autoSCT (R-CHOP and R-bendamustine, both
n=14 in 43 rituximab-exposed patients). Further details are
provided in Online Supplementary Table S2.

There was no association between age at autoSCT, sex,
number of months since last relapse, Karnofsky perform-
ance status or HCT-CI, and achieving CMR before autoSCT.
There were indications of a tendency for patients who
achieved CMR before autoSCT to have had fewer lines of
therapy (P=0.089) and have a lower FLIPI score at the time
of the relapse before autoSCT (P=0.085) but these factors
did not reach statistical significance. Histological grade at
relapse (grade 3a vs. 1-2) (P=0.030) was associated with
not having a CMR prior to autoSCT.

Of those with available data regarding POD24, 45% (33/73)
of patients had experienced POD24 after first-line therapy;
POD24 was not associated with pre-autoSCT PET status.
The median follow-up following autoSCT was 27 months
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(range, 3-70 months). The median PFS for the whole co-
hort after autoSCT was 28 months (interquartile range
[IQR], 23-36), (Online Supplementary Figure S2A), the
median time to relapse was 50 months (IQR, 16 months -
not reached) and the median OS was 57 months (IQR, 42
months — not reached) (Online Supplementary Figure S2B).
Overall, the day-100 and 1-year non-relapse mortality was
5% and 6%, respectively. There were 14 deaths in re-
mission. These included deaths caused by early infection
(n=8, all before day 100), late infection (n=2, both after al-
logeneic SCT), secondary malignancy (n=2, acute myeloid
leukemia, and unknown) and unknown causes (n=2) (On-
line Supplementary Table S3).

Survival analysis, engraftment and secondary malignancies
are presented in Table 2. There were five secondary ma-
lignancies in four patients (2%) in the FL cohort, all of
which were in the CMR group. These were melanoma (n=1),
myelodysplastic syndrome (n=1), myelodysplastic syn-
drome and vulval cancer (n=1) and acute myeloid leukemia
(n=1). Engraftment after autoSCT was not associated with
PET status before the transplant. PET status at the time
of transplant was strongly predictive of PFS; 115 patients

Table 2. Survival outcomes, engraftment and secondary malignancies.

CMRatSCT  Non-CMRat  All patients  ° ""f‘é‘l‘\:R
N=115 SCT N=57 N=172 vs. CMR?
. 2y+4m 2y+3m 2y+3m
Follow-up Median (range) (3m15y-7m) (8m-|¥5y3-’10m) (3m+ySy3:10m) 0.733
Neutrophil recovery Yes, N 109 55 164
Never fell, N 1 0 1
No (all died before recovery), N 3 1 4
Unknown, N 2 1 3
Recovery time, days Median (range) 11 (8-23) 11 (6-28) 11 (6-28) 0.614
Platelet recovery Yes, N 86 47 133
Never below, N 2 0 2
No (all died before recovery), N 6 3 9
Unknown (after discharge), N 21 7 28
Recovery time, days Median (range) 18 (7-198) 19 (8-46) 18 (7-198) 0.833
Status at follow-up Alive, N 95 43 138 See
In CR/PR, N 70 24 94 outcomes
After relapse/progression, N 25 19 44 in Table 3
Dead, N 20 14 34
After relapse®, N 13 7 20
In remission, N 7 7 14
Secondary malignancies Yes, N 4 0 4 0.303¢
PET at follow up Negative, N (%) 32 (73) 17 (59) 49 (67) 0.309¢
(survivors only) Positive, N (%) 12 (27) 12 (41) 24 (33)
Unknown, N 51 14 65

3Cox model unless otherwise specified. °PFour patients (3 CMR and 1 non-CMR) had non-relapse causes listed for death, although they had
relapsed (1 graft-versus-host disease, 1 Gram-negative sepsis, 1 acute respiratory distress syndrome and 1 renal failure). “Fisher exact test; CMR:
complete metabolic remission; SCT: stem cell transplantation; CR: complete response; PR: partial response; PET: positron emission tomography.
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Figure 1. Survival according to positron emission tomography status before autologous stem cell transplantation. (A)
Progression-free survival and (B) overall survival according to positron emission tomography status before autologous stem cell

transplantation. CMR: complete metabolic remission.
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Figure 2. Relapse and non-relapse mortality according to positron emission tomography status before autologous stem cell
transplantation. (A) Relapse rate and (B) non-relapse mortality according to positron emission tomography status before
autologous stem cell transplantation. CMR: complete metabolic remission.

with a CMR had a median PFS of 36 months (IQR, 15
months —-not reached) versus 22 months (IQR, 7 - 31
months) for the 57 with non-CMR prior to transplant, ha-
zard ratio (HR)=1.80 (95% confidence interval [95% CI]:
1.15-2.84), P=0.011). The 2-year PFS was 64% versus 44%
and the 3-year PFS was 50% versus 22% for CMR and non-
CMR patients, respectively (Figure 1A, Table 2). Non-CMR
was associated with a trend to increased relapse rate
(HR=1.51, 95% CI: 0.92-2.47; P=0.101) (Figure 2A). Non-CMR
was also associated with a trend towards reduced OS, but
this did not reach statistical significance (HR=1.74, 95% CI:
0.87-3.49; P=0.116) (Figure 1B). Non-relapse mortality was
not associated with PET status before autoSCT (HR=1.79,
P=0.211) (Figure 2B).

Factors associated with improved PFS by univariate analy-

sis (Table 3) were age <60 years (age >60 years: HR=1.61,
95% Cl: 1.03-2.51; P=0.038) and CMR before autoSCT (non-
CMR: HR=1.80, 95% CI: 115-2.84; P=0.011) and ordinal
Deauville score (continuous variable, HR=1.32, 95% CI:
1.00-1.75; P=0.049) (Online Supplementary Figure S3A). Age
and PET status (CMR vs. non-CMR) remained strongly stat-
istically significant for PFS by multivariable analysis (non-
CMR: HR=2.02, 95% CI: 1.27-3.21; P=0.003; age >60 years:
HR=1.81, P=0.011) (Table 4). Risk factors associated with
improved OS that were significant by multivariate analysis
were fewer prior lines of therapy (HR=0.59, 95% CI: 0.38-
0.90; P=0.015), lower Karnofsky status (continuous variable
HR=0.94, 95% CIl: 0.89-0.99; P=0.047) and risk factors as-
sociated with worse OS were remission status at trans-
plant (non-CMR: HR=3.08, 95% CI: 1.31-7.24; P=0.010)
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(Online Supplementary Figure S3B) and age >60 years
(HR=3.76, 95% CI: 1.59-8.90; P=0.003). PET status and age
were the only two factors independently associated with
increased risk of relapse after autoSCT by multivariable
analysis (non-CMR: HR=1.64, 95% CI: 1.01-2.65; P=0.046).
POD24 status was not associated with any of these spe-
cific survival or relapse outcome measures. PET status
was not independently associated with a difference in
non-relapse mortality.

Discussion

To the authors’ knowledge, this BSBMTCT series repre-
sents the first and largest experience outlining the value
of PET-CT prior to autoSCT in patients with R/R FL.
Whereas PET status prior to autoSCT has been previously
reported to be predictive of PFS in relapsed classical
Hodgkin lymphoma and diffuse large B-cell lymphoma,
there have been no studies investigating the impact of PET
status on outcome for R/R FL patients undergoing
autoSCT. The results of this study demonstrate for the
first time that patients with FL who achieve a PET-
negative remission (CMR vs. non-CMR) prior to consolida-
tion autoSCT have significantly improved PFS compared
to those patients who fail to achieve CMR (HR=1.80, 95%
Cl: 115-2.84; P=0.011). There was a non-significant trend in
relapse rate for those undergoing autoSCT in CMR and
there was a non-significant trend towards improved OS in
those who achieved CMR. Factors that were significant for
improved PFS in multivariate analysis were age <60 years,
and CMR at the time of transplantation and risk factors
for OS that retained significance in multivariate analysis
were age <60 years, and CMR at time of transplantation,
number of lines of prior treatment, and Karnofsky score.
For patients with data available on POD24 status, we ob-
served no association with worse PFS or OS after autoSCT.
Although our study lacked data on this variable in a large
proportion of cases, this finding corroborates others indi-
cating that autoSCT has a role in the management of pa-
tients with POD24 but chemo-sensitive relapse following
early failure of front-line treatment.* We cannot however
exclude the possibility of selection and immortality bias,
as the analysis included only patients who experienced
POD24 and received an autoSCT and further prospective
studies are needed to identify optimal approaches for pa-
tients with early treatment failure.

Given that autoSCT carries a risk of non-relapse mortality,
significant morbidity, prolonged in-patient admission, a not
insignificant risk of secondary hematologic malignancy (a
recent BSBMT report of all lymphoma types reported a rate
of 3% in over 1,000 patients given BEAM/LEAM and
autoSCT*) and incurs significant cost, it is important that
the ability to predict patients who may be expected to have

T.A. Eyre et al.

Table 4. Multivariable analysis.

Overall survival (N=163 patients, 28 events)

Factor HR 95% CiI P value
Age over 60 years 3.76 1.59-8.90 0.003
Number of prior lines 0.59 0.38-0.90 0.015
Karnofsky status at SCT 0.94 0.89-0.99 0.047
PET status at SCT:
non-CMR 3.08 1.31-7.24 0.010
Progression free survival (N=172 patients, 78 events)
Factor HR 95% ClI P value
Age over 60 years 1.81 1.15-2.85 0.011
PET status at SCT:
non-CMR 2.02 1.27-3.21 0.003
Relapse rate (N=172 patients, 64 events)
Factor HR 95% CiI P value
Age over 60 years 1.64 1.02-2.66 0.043
PET status at SCT:
non-CMR 1.64 1.01-2.65 0.046
Non-relapse mortality rate (N=92 patients, 11 events)
Factor HR 95% ClI P value
>4 nodal sites 2.65 0.87-8.13 0.088
PET status at SCT:
non-CMR 1.71 0.63-4.67 0.293

Candidate factors excluded for overall survival: time since last
relapse (P=0.69), FLIPI (P=0.42), >4 nodal sites (P=0.25), prior
rituximab (P=0.14). P for entry=0.05, P for removal=0.10. Candidate
factor excluded for progression-free survival: FLIPI (P=0.60), P for
entry=0.05, P for removal=0.10. Candidate factor excluded for relapse
rate: hemoglobin <120 g/L (P=0.25), P for entry=0.025; P for
removal=0.10. Candidate factors excluded for non-relapse mortality:
FLIPI (P=0.45), hemoglobin <120 g/L (P=0.13), age over 60 years old
(P=0.10), Karnofsky status at transplant (P=0.15). FLIPI: Follicular
Lymphoma International Prognostic Index; SCT: stem cell
transplantation; PET: positron emission tomography; CMR: complete
metabolic remission.

long remissions with this intensive treatment are improved.
Similarly, it is also important that we develop tools to pre-
dict which patients may be anticipated to have short-lived
benefit from this intensive therapy so that alternative treat-
ment modalities can be assessed in this group and avoid
exposing patients to this potentially toxic treatment.

Here we present a first step in risk-stratifying patients
with R/R FL for autoSCT. Patients in CMR prior to trans-
plant had a 50% (95% CI: 37-61%) chance of remaining
alive and progression free at 3 years whereas those who
failed to obtain a CMR at this time-point had only a 22%
(95% Cl: 9-40%) chance of being alive and free of progres-
sion at 3 years. Previous retrospective series have ident-
ified possible plateaus in the survival curves of patients
with FL who have undergone autoSCT and long-term fol-
low-up of this study will be performed to establish
whether this is observed and whether PET status remains
predictive of longer-term remission.
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These data support the ongoing role of autoSCT in con-
solidating remissions in patients with R/R FL. The median
PFS of 28 months and 3-year PFS rate of 40% (95% ClI: 30-
50) observed in this study for the whole cohort compares
favorably with those of other series®*" and if this inter-
vention can be further refined so that it is directed to-
wards those most likely to benefit, the outcomes for
patients undergoing this procedure may be further im-
proved.

This is an era of unprecedented development of new
therapeutic agents and strategies in R/R FL. While direct
comparisons between outcomes of autoSCT and some of
these novel approaches are challenging in the absence of
randomized controlled trials, it is pertinent to consider
how the outcomes for patients undergoing autoSCT for
R/R FL compare to those undergoing such novel ap-
proaches. The use of allogeneic SCT has been reported in
relapsed FL and one series reported a 4-year PFS of 76%
but with a non-relapse mortality of 15% and thus the out-
comes for PET-negative patients in this study with a 4-
year PFS of 64% (46-78%) may be considered
comparable.?®* The immunomodulatory drug lenalidomide
in combination with rituximab was used in relapsed FL in
the AUGMENT trial, giving an impressive median PFS of
39.4 months although it should be noted that the median
number of prior lines of therapy in the AUGMENT trial was
only one with a substantial number of patients having re-
ceived no prior chemotherapy, so it is hard to compare
with the cohort of patients in this study who had received
a median of three lines.?® A number of PI3 kinase inhibitors
have been licensed by the Food and Drug Administration
in the USA and show modest response rates, low CR rates
and relatively short median PFS of 9-11 months in heavily
pre-treated FL.?"*® Antibody-drug conjugates such as the
CD19 targeting agent loncastuximab tesirine (ADCT-402)
are showing promise; ADCT-402 produced a high CR rate
in 15 R/R FL patients (CR 53%) but the follow-up to date
is short.?® The oral EZH2 inhibitor tazemetostat has yielded
high remission rates with a median PFS of 13.8 months in
patients with EZH2 mutations.?® There is great interest in
the development of CD3-CD20 bispecific antibodies in B-
cell non-Hodgkin lymphoma and high remission rates in
R/R FL have been reported with mosunetuzumab?® (overall
response rate 67%, CR 51%, median duration of response
20.4 months) and glofitamab?®* (overall response rate 69%,
CR 59%, median PFS 11.8 months) but follow-up is not suf-
ficient to understand how durable remissions with these
agents will be in patients with R/R FL. The place of
autoSCT in the management of R/R FL also needs to be
considered in light of the development of anti-CD19 di-
rected chimeric antigen receptor T-cell therapy. Two pros-
pective phase Il trials (ZUMA-5 assessing axicabtagene
ciloleucel, n=108, ELARA assessing tisagenlecleucel, n=97)
documented high overall response and CR rates (ZUMA-5

T.A. Eyre et al.

overall response rate 92%, CR 80%; ELARA overall re-
sponse rate 86.2%, CR 66%) in heavily pre-treated R/R FL
patients.?*** Although chimeric antigen receptor T-cell
therapy and bispecific antibodies are particularly promis-
ing therapies in R/R FL, the reported median follow-up
across all these studies (e.g. ELARA, median 10.9 months,
ZUMA-5, median 17 months) is relatively short and the
curative potential of these approaches remains uncertain.
Thus, although there are many new treatment options in
development for R/R FL, there are few that have yet been
demonstrated to produce remissions as durable as those
achieved by autoSCT in the historical literature and in pa-
tients in this study who achieved CMR to autoSCT.

There are limitations to this retrospective registry study,
most notably the PET scans were not centrally reviewed
for this study and some data points were not available for
all patients, especially the Deauville score, FLIPI score,
and POD24 status. Additionally, we cannot exclude a the-
oretical selection bias in that the study only collected data
on patients who underwent autoSCT and therefore data
were not captured on patients who may have been in-
tended to undergo autoSCT but did not receive this treat-
ment for example due to inadequate response to
re-induction therapy. We also acknowledge that relatively
little is known regarding the relative proportion of patients
with R/R FL who receive an autoSCT compared to other
therapies in 2022, and recognize that this will vary globally’
according to national guidance, clinical trial options and
the availability of novel therapeutics including bispecific
antibodies and chimeric antigen receptor T-cell therapy.
We believe these intriguing data support the rationale for
further efforts to define which patients with FL should
undergo autoSCT. A prospective evaluation of the impact
of PET remission status on transplant outcome would help
to define this role. As we continue to gain better under-
standing of the molecular pathogenesis and evolution of
FL, it may also be possible to define biomarkers, in con-
junction with PET, which aid in accurately predicting who
stands to benefit most from autoSCT and who should be
considered for alternative novel treatment strategies.
Such research would be timely as we aim to integrate the
plethora of new therapeutic strategies into the treatment
paradigm for patients with relapsed FL.
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